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Effect of geometric factors on the energy performance of high-rise office towers in Tianjin, China 
Introduction 20 2 / 43
The building sector is constantly expanding in China, with the consequence of 21 energy and environmental crisis. The large energy consumption of office buildings has 22 been a major concern during the past few years mainly due to two aspects: increasing 23 built area and high energy intensity. Completed building area of office buildings 24 totally amounts to 2.4 billion square meters from 2000 to 2014, which is about 7.1% 25 of total completed building area in China during this specific period (NBSPRC 26 2001 (NBSPRC 26 -2015 . Public buildings, represented by office buildings, are characterized by an 27 average energy intensity of about 60 kWh/m 2 .yr, their energy consumption accounts 28 for 28.7% of total building energy consumption in China (THUBERC 2016). 29
High-rise office towers are one of the fastest growing categories in office building 30 sector especially in major cities such as Tianjin and Beijing. Because of the climatic 31 diversity in China, the passive designs of these buildings and their energy 32 performance may vary a great deal in different climatic zones. China is divided into 33 five thermal design zones according to average temperature in the coldest and hottest 34 month. Tianjin is located in the cold zone which shares an average temperature of 35 0-10°C in the coldest month, thus buildings require both heating and cooling 36 demand during the whole year cycle (GB 50176-93 1993). In this paper, a 37 prototypical high-rise office tower in Tianjin is considered. 38
Previous recommendations in design guides published for architects suggest that 39 form does matter to building energy performance (Liu et al. 2009 cooling was taken into account (Premrov et al. 2015) . It was concluded that for 63 timber-frame houses in three different European cities, similar guidelines were 64 observed for the total energy demand. To better describe the subjective characteristics 65 of shape compactness, the concept of relative compactness (RC) is introduced, which 66 is derived by comparing the volume to surface ratio of a shape to that of a compact 67 reference shape (sphere or cube) with the same volume (Mahdavi and Gurtekin 2002) . 68
The relationship between relative compactness and the simulated heating load of 69 buildings with various shapes, orientations, glazing percentages and glazing 70 distributions was investigated. The results indicate that for Vienna, Austria, the higher 71 the relative compactness is, the lower the heating load is (Pessenlehner and Mahdavi 72 2003) . The shape coefficient and relative compactness seem to capture building 73 geometry well in severe cold and scarcely sunny winters when building thermal 74 performance is considered. However, it fails to correlate with energy demand in the 75 presence of solar heat gains. To overcome the shortcomings of the shape coefficient, a 76 new design indicator named ERED (envelope-related energy demand) was developed 77 by means of thermal balance analysis. The inputs to ERED include the areas of 78 envelope elements, the U-value of envelope materials, the SHGC of windows and 79 site-related parameters (Granadeiro et al. 2013) . A simplified analysis tool to predict 80 the effect of building shape on cooling and total (cooling and heating) energy use for 81 office buildings was developed as a function of relative compactness, the 82 window-to-wall ratio, and the glazing solar heat gain coefficient (Ourghi et al. 2007) . 83   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 is one of the main sensitivity analysis outputs, while daylighting utilization is not 100 taken into consideration (LAM and HUI 1996) has the lowest energy consumption (Liu et al. 2015 ). The energy performance of three 120 types of windows in a typical office in hot climate is examined with or without 121 daylight integration, and a significant reduction in the annual building energy 122 consumption is observed with daylight integration (Fasi and Budaiwi 2015 The International Energy Agency has also indicated that in a typical office building, 147 artificial lighting consumes the bulk of the energy, followed by cooling and heating 148 operations (IEA 2014). Therefore, it is difficult to determine the real effect of 149 geometric factors on the total energy consumption without accurate calculation of the 150 lighting energy. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 their energy-saving potential. Additionally, multi-parameter research is performed to 168 determine the correlations between three key related parameters and energy 169 consumption for a standard rectangle-shaped plane utilizing an exhaustive method. The 170 considered factors of orientation, plane shape, floor area, plane shape factor, floor 171 height, floor number, and window-to-wall ratio of each facade are insufficient to form 172 the full list of geometric factors, however, they are known to be closely related to 173 visual design and normally designed by architects in the early design stages. Also, 174 they form the least required parameters to describe a high-rise office tower's basic 175 morphological feature, ranging from site orientation, building plane configuration, 176 elevation to fenestration. This study fills a current research gap, helping architects 177 understand the effect of various geometry design parameters on the energy 178 consumption of high-rise office towers, and leading them towards good passive design 179
schemes. 180
The paper is organized in the following way. In Section 2, the detailed simulation 181 tool is first described, a prototype office tower model is established based on the 182 survey data, and the geometry design parameters to be evaluated are discussed. 183
Section 3 displays and discusses the results of the single-parameter and 184 multi-parameter research. Section 4 presents the conclusions and identifies issues for 185 further research. 186 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
Study Approach and Development of Building Model 187

Simulation tool 188
Energy simulation software is an effective tool to study the energy performance of 189 buildings, and DesignBuilder, DOE-2, EnergyPlus, TRNSYS, BLAST, DEST, PKPM 190 are some such tools currently used. In this study, the annual energy consumption 191 simulation is conducted using DesignBuilder (Version 4. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 summarized in Table 1 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 southern-oriented office zone is taken as an example to perform daylighting analysis. In most cases, fabric materials, building system and occupancy are still unclear 244 during early design stages. So they are specified using default values. As shown in 245 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 13 / 43 paper, the HVAC emitters are fan coils for both heating and cooling. Taking into 251 account local practices in the cold zone of China, a gas boiler is used as a heating 252 source, whereas electricity from the grid provides the energy for cooling. The 253 mechanical ventilation rate is set according to the minimum requirements in energy 254 efficient design standard with no heat recovery applied. The heating and cooling 255 demand of the core zone is not considered, on the assumption that exhaust air from 256 the office zone serves as fresh air of the core zone. Common office space occupancy 257 patterns and schedules suitable for China are utilized, as shown in Fig. 3 . During 258 weekends, it is assumed that the lighting, equipment and cooling system in the office 259 model will be off, and the heating system will work to meet the setback temperature. horizontal solar radiation are similar, both fitted smoothly to a curve. In winter, the 268 temperature goes below 5°C most frequently, and the extreme temperature drops to 269 as low as -13.9°C. The temperature difference between indoor and outdoor leads to 270 potential large heating losses, which result in high heating demand in winter. In 271   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 summer, the temperature exceeds 25°C most of the time, and the extreme 272 temperature goes up to 36.9°C; so there is cooling demand in summer. Spring and 273 autumn are comfortable and relatively short, with temperatures between 10°C and 274
20°C. 275
Based on the simulation conditions described above, the heating and cooling 276 demand, and the lighting energy use of the prototypical model are simulated, and the 277 defined annual total end-use energy consumption (an adding up of the three parts) is 278 calculated using the following equation (1). Office equipment energy consumption is 279 not included in total energy because it is unlikely to be affected by geometric design 280 parameters. In China, energy consumption of public buildings in the cold zone is 281 generally classified into two categories, energy consumed for heating and energy 282 consumed for other than heating (THUBERC 2016), the former is mainly from a 283 district heating or boiler (coal/gas), and the latter is largely from grid. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 (2)  293 where QH = annual heating demand (kWh/yr), A = total building area (m 2 ), copH = the 294 comprehensive efficiency of the gas boiler heating system, set as 0.8, q1 = calorific 295 value of standard natural gas, set as 9.87 kWh/m 3 , q2 = standard coal consumption for 296 power generation, set as 0.36 kgce/kWh, and φ = conversion factor between standard 297 coal and natural gas, set as 1.21 kgce/ m 3 . 298
where QC = annual cooling demand (kWh/yr) and copc = the comprehensive efficiency 300 of the cooling system, set as 2.5. 301
The results shown in The prototypical model is verified by analyzing the monthly distribution of 310 building energy consumption, and examining the indoor air temperature of the office 311 zone in selected winter and summer weeks. As shown in Fig. 6 , there is a strong 312 correlation between heating/cooling energy consumption and season changes, whereas 313   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 with lighting control devices, resulting in electricity energy reduction; secondly, office 320 equipment energy consumption is excluded from current research. According to Fig. 7,  321 indoor air temperatures of the office zone reach the setting temperature in selected 322 winter and summer weeks, with no overheating or overcooling occurring. The 323 selected winter week is 9th Jan to 15th Jan, and the selected summer week is 17th Jul 324 to 23rd Jul. Therefore, the output energy consumption data of the prototypical model 325 are reasonable, and the model can be used for further research. 326
Geometry design parameters 327
Geometry design considered during the early architectural design process, include 328 orientation, plane shape, floor area, plane shape factor, floor height, number of floors 329 and window-to-wall ratio. Table 4 lists the parameters that have been considered in the 330 paper. The development of comparative geometry parameters are based on the survey 331 in Section 2.2. Six orientations are tested, ranging from 15 degrees to 75 degrees 332 south by east. Five plane shapes have been tested, including a square -shape, triangle 333 -shape, cross -shape, circle -shape and oval -shape, which accounts for 72%, 2%, 6%, 334   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
Results and Discussion 345
Single-parameter research 346
In this sector, geometry design parameters are evaluated separately for the 347 prototypical model. During the examination of a specific parameter, all the other 348 parameters maintain the default values. This section uses whole building models. The 349 energy saving rate is employed to assess the energy performance of individual cases 350 when compared with that of the prototypical model, which means the prototypical 351 model is used as a base case here. 352
Orientation 353
In terms of orientation, the results show that all orientations except O1 (typical 354 orientation) will lead to a rise in total energy consumption. From Fig. 8 , it can also be 355 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 interpreted that for cases other than O1, heating and cooling energy consumption 356 slightly increases, whereas lighting energy consumption remains constant, in 357 comparison to those of the typical case. 358
Plane shape 359
The results in Fig. 9 show that a triangle-shaped plane, cross-shaped plane and 360 oval-shaped plane can reduce the total energy consumption by 0.8%, 1.4% and 4.0%, 361
respectively. For the triangle-and cross-shaped plane, it can be interpreted that the 362 daylight conditions are improved and consequently lighting energy consumption is 363 reduced, while heating energy consumption slightly increases. As regards to the 364 oval-shaped plane, functional plane depth is reduced and lighting energy decreases. 365 Also, cooling energy is reduced because negative orientations such as west and east 366 are avoided. By contrast, the daylight conditions of the circle-shaped plane are 367 weakened, resulting in significantly more lighting energy consumption and a negative 368 energy saving rate, although heating energy is slightly reduced. 369
Floor area 370
As shown in Fig. 10 , floor areas of 1024 m 2 and 1225 m 2 achieve energy saving 371 rates of 0.7% and 0.5%, respectively. Floor area is correlated with the functional plane 372 depth, and consequently the distribution of daylight throughout the daylight zone. As 373 to the square-shaped plane, when the floor area is increased, the functional plane depth 374 increases accordingly, and the available daylight per unit area could be reduced, 375 resulting in more lighting energy consumption. The total energy consumption 376 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 According to the simulation results shown in Fig. 11 , elongated plane shapes with 381 plane shape factors of 1.5/1 and 2/1 achieve energy saving rates of 1.2% and 3.1%, 382
respectively. When the plane shape factor increases from 1/2 to 2/1, lighting energy 383 consumption increases first and then decreases; however, heating and cooling energy 384 consumption is reduced consciously, which is mainly explained by the fact that a 385 longer façade profits of best orientation (South). Total energy consumption remains 386 constant when the plane shape factor increases from 1/2 to 1/1.5, and subsequently 387 decreases when the plane shape factor increases from 1/1.5 to 2/1. 388
Floor height 389
Floor-floor height is neglected in most previous studies focusing on the effect of 390 geometry parameters on building energy performance. However, when taking daylight 391 into consideration, floor height affects the air-conditioned volume and the daylight 392 condition, which may have adverse effects on building energy performance. As shown 393 in Fig. 12 , floor heights of 3.6 m and 3.9 m achieve energy saving rates of 4.5% and 2%, 394 respectively. Increases in heating and cooling energy consumption, particularly heating 395 energy consumption, are observed with increasing floor heights due to the resulting 396 increase in the volume of unit area to be heated and cooled, which greatly exceeds the 397 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 slight reduction in lighting energy. Therefore, the total energy consumption increases 398 significantly as the floor height increases. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 because no heat is assumed to be transferred through interior floors. The simulation 440 results are presented and discussed in this section. 441
Optimal energetic solution 442
According to the research, the best combination of the 3 parameters yielding the 443 lowest energy consumption for a standard rectangle-shaped plane has been identified. 444
It is characterized by a total energy consumption of 30.64 kWh per square meter per 445 year, a floor area of 1024 m 2 , a plane shape factor of 2/1 and a floor height of 3.6 m. 446
The optimal solution can produce building forms that are more energy efficient than 447 all other considered forms. 448
There are also limitations to the optimal solution, because in real -life situations 449 architects face many social, economic, environmental, technical and aesthetic 450 constraints, and the form of the building has to respond to other forces. Therefore, the 451 effects of separate geometric factor on building energy performance are analyzed in 452 sections 3.2.2-3.2.4. The optimal solution will serve as a baseline, which means the 453 energy saving rate of each case is calculated by comparing its energy consumption with 454 that of the optimal model. According to Table 5, differences in the energy saving rate 455 across the considered models can be up to 18.9%. 456
Floor area 457
According to Fig. 15 , for most cases, when the floor area is increased, the 458 lighting energy consumption increases due to reduced daylight per unit functional area, 459 whereas the heating and cooling energy consumption decreases due to reduced 460   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 plane shape factors and floor heights, and the variation in total energy consumption is 468 more pronounced for the cases with a high -plane shape factor and, low -floor height. 469
Hence, the effect of floor area on the total energy consumption is not always 470 significant, but a slightly reduced energy consumption can be expected when it is 471 designed properly. 472
Plane shape factor 473
As shown in Fig. 17 , an increase in the plane shape factor can contribute to 474 decreased heating and cooling energy consumption, whereas lighting energy 475 consumption first increases and later decreases, due to variation of the functional 476 depth. In total, the annual energy consumption decreases as a result of the increasing 477 plane shape factor. The reduction is obvious, when comparing the energy saving rates 478 of cases with a plane shape factor of 1/2 and those with a plane shape factor of 2/1, as 479 shown in Fig. 18 . The energy saving rates between cases having plane shape factor of 480 1/2 and 2/1 vary from 4.1% to 6.7%, depending on the floor area and floor height. The 481   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 smaller the floor area, and the higher the floor height, the larger the energy saving rate 482 variation is. Above all, a larger plane shape factor can be used to enhance energy 483 conservation. 
Conclusions 495
In the present study, the effect of building geometric design parameters on the 496 energy performance of high-rise office towers in Tianjin is theoretically studied. 497
Single-parameter and multi-parameter research is conducted, and the primary results 498 are summarized as follows: 499 1) According to the examination of the single-parameter of the prototypical office 500 model, the correlations between energy consumption and the floor area, plane 501 shape factor (the ratio of the plane length to the plane width, only as regards to a 502 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 rectangle-shaped plane), and floor height are found to be significant. 503
2) In the second step, the intermediate story of the prototypical office model is taken 504 into consideration, and multi-parameter research is conducted. It is determined 505 that differences in the building shape can lead to significant differences in total 506 energy consumption. An optimal approach that minimizes the sum of energy use 507 for heating, cooling and lighting is presented, with a floor area of 1024 m 2 , a 508 plane shape factor of 2/1 and a floor height of 3.6 m. Differences in the energy 509 saving rate across all the considered models can be up to 18.9 %, when compared 510 with the optimal model. Energy savings can be achieved without a large increase 511 in initial investment by designing the building with a smaller floor area, higher 512 plane shape factor, and lower floor height. 513
3) Slightly reduced total energy consumption can be expected for the reduced floor 514 area because daylight distribution of the office zone is improved and, 515 consequently, the lighting energy consumption is reduced, exceeding the heating 516 and cooling energy consumption increment. Increasing the plane shape factor 517 improves the building thermal performance in regards to heating and cooling 518 energy consumption, whereas lighting energy consumption first increases and 519 then decreases. In total, the annual energy consumption decreases as a result of 520 increasing the plane shape factor. Floor height reduction can be utilized to achieve 521 a relatively high energy reduction, for a relatively large decrease in heating and 522 cooling energy consumption is achieved, greatly exceeding the slight increase in 523 are not included in the present research. In case of parameters with large impacts, 538 such as the comprehensive efficiency of the HVAC system, the definition of 539 default value itself can significantly alter the conclusion. So, the outcome in this 540 paper is only applicable under specific assumptions and thus should be treated 541 with caution. Second, a prototypical high-rise office tower model is established 542 in this paper based on survey results, which will serve as a start point for future 543 research relate to more wider range of parameter sensitivities such as different 544 27 / 43 urban built environment and climate. In that case, parametric simulation tools 545 will be needed in order to generate numerous potential combination results. 546 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
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Tables 620 Table 1 Geometry design parameters of high-rise office towers based on the survey. Functional area ratio 0.8 622 Table 2 Layers and properties of the exterior wall, roof, ground floor, internal floor, and glazing.
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669
(1) Winter typical week (2) Summer typical week 
670
(1) Energy saving rate and total energy consumption (2) Lighting, heating and cooling energy consumption 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 38 / 43
(1) Energy saving rate and total energy consumption (2) Lighting, heating and cooling energy consumption 
673
674
(1) Energy saving rate and total energy consumption (2) Lighting, heating and cooling energy consumption 675   676   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 39 / 43
677
(1) Energy saving rate and total energy consumption (2) Lighting, heating and cooling energy consumption 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
